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"OffirSE!!;" YIELD SOJE^lirGTH VALUES- 
By H, H. Hill .. .. 



The shape- of -the Btress-straiii "curve for a material 
is sometimes of considerable . int er e st 't 6 the designing 
engineer. This is particularly true when he is dealing 
with m.em'bers or elements su'bjected to compression, which 
'become unstal^le at stresses 'beyoii'd the elastic range. It 
is oTsvious that the two compressive properties commonly 
recorded (modulus of elasticity and yield strength) are 
insufficient to define the shape of the stress-strain 
curve, ~ - 



Eamhetg and Osgood' ■( reference 1') have Wsed the fol- 
lowing three-parameter ''eq.uati on for expressing the 
relation between stress and strain for stresses up to a 
value slightly greater than the yield strength of the 
material; ^' i". ' . ", - ' -^s/'.- '"'ll^W'""' 

E \b/ 

where _ ' ■ 

e unit strain 
S unit stress 

B Young.', s medulus. ■' ■■ ' - • .. I- 

K and' 'n constants' f or . a .given curve 



Eamberg and Osgood have evaluated the constants K atid 
in terms of two secant yield strength values determined 
for slopes. of 0:7B and- OlS.SBv'^ " ' ;' ' 'V."~;.- :, ' '^i^.- 

Since yield strength values deterjained hy the off- 
set method are"mU.ch saore commonly, .used than the secant 



yield strengtlxs, itfcmay::fe6-:^(if la^teiEasi'-tb note that the 
constants and n in eguat j.on. (l) can be readily 

evaluated in terms of tw6~offset yield strength, values. 
0 0 n s i d e-r • t,v q -.y i:&^.4,.,9t v.^.v^sirif- .xSilM&S : 'i ■ ' • "4 7- = ihh i-"- 

-Si.;*- atr- ■aii--crfTset--ore di' - • ' 

and 

Ss at W "bf'i^e"t"'o¥ ■ 4a • 

The egftition, f^f,.Me deviatrixp of^ .from 'fha 

Initie!! modulus; line/ .pan, w.r.itt'ea"''Ji 'i.-'--^-^ ■ 



from yii;3,ph;..:. -.^;t^r';:^- ^—tv-'^:'' ■ 



I .= log Kv-J- n logf 1) ■ ■ • ■ . ■ ■ ■ ■-■ <2a). 



Substituting Si ■•'d'nd • di, ■and" ' and ''ag into. equa-.. 
tion (3a) gives two simultaneous situations ia K ' and n 
which when solved for n , yield the relation ' 



log 
n = 



(3)" 



log 

■ S 



From equation (2), K can Tae expressed^- f' 



E B or K = di 



(4) 



Suhstitiat-'ing equation (4) int o -..equat-ion' c'i.-).. giveff-' for ■ tlfs' 
equation of the stress-strain curve 
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the Taliie-fftr n "being given "by ecLuatipn (3)., 

. A .'logical ■■■of f set vaiue to. use -f or , det-.ermiaing yield 
stren-gth,', in A'ddit ion "t o 'the coamonly use.d value of 
0,002 Cds), would "be half this value or 0.001 (da). This 
offset value will locate a point On the. str e ss- strain 
curve, "between the elastic range and the conventional 
yield strength value, which is in the region of the curve 
which is of greatest significance in plastic "buckling. 
Substituting values of 0.001 aniSL 0.002 for di and ds , 
respectively, the stress- strain curve can he expressed 

e = 1 + 6.002r-^Y (113) 
0.301 

n " (3a) 



in which 



EAIIO 01 SIEBSS TO irFBOTIVE MODtTlUS 



-. In prohlems dealing with /buckling s:t stresses "beyond 
the elastic rahge of the' material, the significant feature 
of the stress-strain curve is the relation between the 
stress -and-the slope of th.e diirVe at that, stress. The 
slope of the curve is commonly" called the tangeht ' modulus 



sJ. op( 
) 



iFormula's that give critical huckl'ing stresses "for" "'^"^ 
elastic action are applicalile . 1 0 ; buckling in the plastic 
range of the material, if the' Young's modulus terffi (B) is 
replaced hy the proper effective modulus term (Bj) . 

Theoretically, the value for reduced or effective modulus 
(Ej) will always he greater than the corresponding- value 

for tangent modulus (Sep). (See reference 2^) Experience 
has indicated (reference 3) that. the use of the tangent 
modulus in the Euler equation for. columns gives calculated 
values for critical stress that are in reasonable agree- 
ment with test results. It is therefore probably somewhat 
conservative and not illogical to assume, for design 
purposes, that the effective modulus can be represented 
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by the corresponding value tangent modulus.' If this 
assumption is made, the comparative buckling strength of 
various aluminum alloys in the plastic range can "b6 
readily determined from- the equations fdr their stress- 
strain curves. ' ' ' 

In general, any. buclcling ■ equation can be expressed . 
in the form - . ■ ■ 

■ -1 CD (5) 



where 

S critical stress 

Bp effective modulus corresponding to the stress S 

G coefficient depending on the type of member arfid on 

the nature of the loads and restraints acting on' 
the member or element 

and 

D a function of the dimensions of the piece 

In determining critical stresses in the plastic range it 
is therefore convenient to have a curve for the material, 
showing stress (S) plotted against" the ratio of sljreeB to 

effective modulus ( -^l), or, on the basis of the assump- 
tion previously stated, against the ratio of stress to 
tangent ' modulus ihe comparative buckling strength 

of different materials can be determined 'by a comparison 
of such curves. 

She ratio of stress to tangent modulus can be ex- 
pressed 

J_ . A .s^' (6) 
Brp dS dS 

de 
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The term de/dS can "be evaluated yty differentiating equa- 
tion (lit)),- Equatieft (6) then Toecomes 

-1 =; 1 + 0.002 n C-l: j (6a) 

In order to demonstr©.te the effect of the shape of 
the stress-strain , curve on the huokling strength in the ■ 
plastic range, consider two alloys having the properties 
shown in the following table: 



Alloy 


Yield strength 
at 0.002 off- 
set , Ss 
(Ih/sq in.) 


Yield strength 
at 0.001 off- 
set. Si 
(ih/ sq in. ) 


Si 


n 


A 


50, 000 


43 , 000 


1.163 


4.59 


B 


50, 000 


48,000 


1.042 


16.8 



Both alloys have a modulus of elasticity of 10,000,000 

pounds per square inch. Figure 1 shows st re s s- strain 
curves and curves of S against S/Erp for these two 

alloys. A cemparison of the curves indicates that for 
stresses 'below ahout 20,000 pounds per square inch the 
hehavior of both materials is essentially elastic. *■ 
Essentially elastic action continues in alloy B up to a 
stress of about 35,000 pounds per square inch. For 
stresses between 20,000 pounds per square inch and 45,000 
pounds per square inch alloy B has lowej: values of S/Eijj 

and consequently greater buckling strength than alloy A. 
Above 45,000 pounds per square inch, however, the buckling 
strength of alloy A is greater than that of alloy B. 

It is evident that whereas a knowledge of the yield 

strength (stress at 0.002 offset) of a material is in- _ 

adequate to define the shape of the stress-strain curve, 
the determination of an additional yield strength value 
corresponding tb some other offset value, together with 
the Young's modulus of the materiai may provide sufficient 
additional information for evaluating the stress-strain 
relation and consequently for determining the buckling 
resistance of the material in the plastic range. 

Aluminum Research Laboratories, 

Aluminum Company of America, 

New Kensington, Pa., October 14, 1943. 
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Flgiira 1.- StroBB-Btrain and 8tr«8S- 8/lT ourroq for two alloya taains tbe sue BOdiAua and tbo saae yiald Btreogtb 
(0.003 offsat], but wltb different at»Ba-Btrain outtbs. 
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